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FINAL  REPORT 

GRANT  #:  ONR  N000 14-96- 1-0 123 
PRINCIPAL  INVESTIGATOR:  Thomas  C.  Bruice 
INSTITUTION:  University  of  California  at  Santa  Barbara 
GRANT  TITLE:  DNG  and  RNG  Phylogenetic  Single  Cell  Probes 
AWARD  PERIOD:  1  Nov.  1995  to  30  Sept.  1998 

OBJECTIVE:  The  subject  of  this  grant  is  the  synthesis  and  study  of  DNA 
and  RNA  mimics  in  which  the  negatively  charged  phosphate  diester 
linkages  of  DNA  and  RNA  [-O-(PO2')-0-]  are  replaced  by  positively 
charged  linkers  as  the  guanido  linker  [-NH-(C=NH2+)-NH-]  in  DNG  and 
RNG.1’2 

APPROACH:  The  first  DNG  and  RNG  studies  were  carried  out  with  the 
financial  assistance  from  ONR  N06014-90-J-4132.  By  the  time  the  present 
grant  commenced  in  1995  we  had  shown  that  short  sequences  of  DNG  and 
RNG  with  nucleobase  T  could  be  synthesized  by  stepwise  procedures  in 
solution  [(Tg)4T].  We  had  also  shown  that  (Tg)4T  formed  segments  of 
high  melting  triple  helix  ([(Tg)4T]2*[(Ap)4A])  on  reaction  with  poly- A  but 
did  not  react  with  poly-C,  poly-G  or  poly-I  --  as  judged  by  increase  in 
absorbance.  Thus,  at  the  onset  we  had  some  reasons  to  believe  there 
existed  a  degree  of  fidelity  in  base  recognition  as  a  prerequisite  to  helix 
formation. 

Our  stated  goal,  for  the  research  we  now  report  on,  has  been  to 
master  the  technology  required  to  Synthesize  requisite  DNG  and/or  RNG 
oligos  complementary  to  RNA  signatures  of  salt  water  bacterial  rRNA. 
These  DNG  and  RNG  oligomers  would  be  offered  as  tools  for  the 
phylogenetic  classification  and  detection  of  salt  water  bacteria.  To  this  end 
Professor  Edward  DeLong3,4  was  to  join  us  with  studies  of  in  situ 
hybridization  in  single  cells.  There  is  a  great  deal  of  work  to  do  here 
because  we  must  not  only  perfect  a  number  of  synthetic  procedures, 
including  solid  phase  synthesis  of  needed  DNG/RNG  oligos,  but  we  must 
determine  the  thermodynamics  and  kinetics  of  formation  and  the  physical 
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characteristics  of  DNG  and  RNG  double  and  triple  strand  helices  with 
complementary  RNA  oligos.  We  must  also  determine  the  fidelity  of 
recognition  by  DNG  and  RNG  of  base  sequences  in  complementary  RNA. 
One  patent  has  been  obtained  and  a  second  patent  has  been  filled  for. 

ACCOMPUSHMENTS  &  CONCLUSIONS: 

To  date  we  have  concentrated  on  the  use  of  the  nucleobase  thymine 
in  the  development  of  solid  phase  synthesis  of  DNG  and  RNG.  There  would 
simply  be  too  many  variables  if  extension  experiments  were  carried  out 
simultaneously  using  the  nucleobases  T,  A,  G,  C,  and  U.  The  step  by  step 
synthesis  in  solution  of  DNG  and  RNG  sequences1,2,5  is  laborious  and  the 
yields  are  such  that  chain  lengths  greater  than  five  are  not  practical 
objectives.  A  great  deal  of  effort  has  paid  off  in  the  development  of  a 
solid  support  synthesis  capable  of  the  addition  of  one  base  every  four 
hours.  Yields  of  T  oligomers  [(Tg)nT]  of  n  =  12  are  obtained  in  50% 
purity  (easily  purified  by  HPLC).6  The  synthetic  procedure  is  shown  in 
Chart  I.7  The  nucleotide  coupling  step  in  the  synthesis  involves  the  attack 
of  a  terminal  3 ’-amine  upon  an  electronically  activated  5’-carbodiimide  to 
create  a  protected  guanidinium  internucleotide  linkage.  The  activated 
carbodiimide  is  synthesized  in-situ  by  the  addition  of  HgCl2  to  a  solution  of 
a  nucleotide  which  possesses  a  3’-4mine  protected  with  an  Fmoc  group  and 
a  N,N’  unsymetrically  substituted  thiourea  in  the  5 ’-position  with  the 
nucleotide  attached  to  the  other.  The  Mg2+  abstracts  the  sulfur  from  the 
thiourea  creating  the  carbodiimide.  The  HgS  precipitate  is  removed  by 
washing  with  a  solution  of  thiophenol. 

Solid  phase  procedures  have  been  worked  out  whereby  guanidinium 
linkers  (-NH-C(=NH2+)-NH-)  can  be  included  into  olgonucleotides  along 
with  phosphodiester  linkages  (-0-(P02')-0-)8.  This  is  accomplished  by  the 
synthesis  of  3’-HOT-g-TOH-5\  3’-HOA-g-AOH-5’  etc  which  can  be 
incorporated  as  subunits  in  the  synthesis  of  DNA.  For  this  purpose, 
standard  phosphoramidite  chemistry  and  automated  solid  phase  synthesis 
was  employed  to  prepare  the  18mers: 

9.  5’-d(T*TGTTAGTT*TTCTTGT*TT)-3’ 

10.  5  ’ -d(T*TGTTAGTTTTCTTGT*TT)-3  ’ 

11.  5  ’  -d(TTGTTAGTT*TTCTTGTTT)-3  ’ 
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Capping  at  the  terminal  5’-  and  3’ -ends,  as  with  9  &  10,  provides  resistance 
to  exonuclease  hydrolysis.  At  low  ionic-strength  9  exhibits  tighter  binding 
to  complementary  DNA  than  does  DNA  of  same  sequence  as  9.  ODN  1 1 
undergoes  only  partial  hydrolysis  by  exonucleases.  This  partial  hydrolysis 
of  11,  having  guanidinium  at  the  center  indicates  that  phosphodiester 
linkages  around  guanidinium  are  stable  to  exonuclease  cleavage. 

A  detailed  kinetic  and  thermodynamic  study  of  the  association  of 
short  strand  DNA  oligomers,  composed  of  A  and  G  nucleobases  { A5G3A5 
GA4G3A4G,  G2A3G3A3G2,  and  G2A2G5A2G2},  with  the  DNG  d(Tg)4-T-azido 
has  been  carried  out.9,10  There  is  a  better  stabilization  of  the  triplexes 
{(d(Tg)4-T-azido)2-(GnAmG0AmGn)}  at  low  ionic  strength  and  low  percent 
G.  The  variation  in  stability  falls  over  a  range  of  -8  to  -12  kcal/mol  with 
large  negative  values  at  low  ionic  strength.  The  standard  molar  enthalpies 
AH°(288)  =  Eon  -  Eoff  are  between  -48.5  and  -22.7  kcal/(mol  base). 
Compensation  relates  the  values  of  AH°  and  AS°.  Computational  analysis 
of  the  structures  of  DNG  with  RNA11  and  DNA12  in  water  with  periodic 
boundaries  have  been  carried  out  to  the  nanosecond  range  by  molecular 
dynamic  simulations  using  the  EWALD  summation  method 

Replacement  of  the  negative  phosphodiester  linkages  of  DNA  by 
positive  S-Methyl  thiourea  linkers  provides  another  putative  phylogenetic 
class  (DNmt)  of  mRNA  binding  molecules  (Chart  2). 14  DNmt  poly  cations 
have,  apparently,  the  same  fidelity  in  binding  of  complementary  sequences 
as  found  with  DNG. 

SIGNIFICANCE:  We  have  invented  two  new  classes  of  RNA/DNA 
binding  molecules  which  are  polycations  and  as  such  bind  more  strongly  to 
the  poly  anionic  RNA  and  DNA  oligos.  To  this  time  it  would  appear  that 
fidelity  of  complementary  binding  is  not  jeopardized. 

PATENT  INFORMATION: 

Thomas  C.  Bruice,  R.  O.  Dempcy  &  O.  Almmarson. 
POLYNUCLEOSIDE  CHAIN  HAVING  MULTIPLE  NUCLEOSIDES, 
THE  NUCLEOSIDES  COUPLED  BY  GUANIDYL  LINKAGES,  U.  S. 
Patent  Number  5,696,253  on  December  9,  1997. 
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Chart  2.  Synthetic  Plan  for T5-mt  (lid) 
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